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Introduction
areas for future research. producing species, generally present at low abundance relative to Lactobacillus or Lactococcus 153 species, vary depending on abundance. There may also be significant numbers of coliforms 154 present, depending on the level of hygiene employed during preparation, with high levels 155 having been noted in some African beverages (Gran, Gadaga, & Narvhus, 2003) . The quantity 156 -6 -and types of yeasts involved can vary greatly, but Candida and Saccharomyces are the species -7 -filtered. Back-slopping is again quite common, but the microbial populations responsible for the 187 fermentation of these beverages are not as well characterised. 188 Boza, consumed in Bulgaria and Turkey, is generated through the fermentation of a 189 variety of cereals including barley, oats, rye, millet, maize, wheat or rice, with the specific 190 composition affecting the viscosity, fermentability and content of the final beverage Bayizit, Arzu, Lutfiye Yilmaz-Ersan, 2010). The cereal is boiled and filtered, a carbohydrate 192 source is added, and the mixture can be left to ferment independently or with the use of back- beverage (Zorba, Hancioglu, Genc, Karapinar, & Ova, 2003) . 198 Togwa, a sweet and sour, non-alcoholic beverage, is one of the better studied African hours to form a porridge, which is then diluted to drink (Kitabatake, Gimbi, & Oi, 2003). 202 Mahewu is similar in that maize or sorghum meal is fermented with millet or sorghum malt, and 203 is available commercially (Mugochi, Tapiwa, Tony Mutukumira, 2001) . Bushera is generally 204 prepared from germinated or non-germinated sorghum grains, and fermented for 1-6 days 205 (Muyanja, Narvhus, Treimo, & Langsrud, 2003) . These beverages are often used to wean 206 children, and as a high-energy diet supplement. Koko sour water is the fermented liquid water 207 created in the production of the fermented porridge, koko. This contains a high portion of LAB 208 and is used by locals to treat stomach aches and as a refreshing beverage (Lei & Jakobsen, 209 2004).
210
Kvass is a fermented rye bread beverage common in Russia, which has seen much 211 commercial success. The beverage can have a sparkling, sweet or sour, rye bread flavour. Its 212 alcohol content, though usually low, can vary, and has been suggested as a contributor to 213 alcoholism (Jargin, 2009) . Amazake is a sweet fermented rice beverage that is the non-alcoholic 214 precursor to sake, produced in Japan. Steamed rice is mixed with rice-koji (Aspergillus-mycelia 215 -8 -and rice) and water, and is heated to 55-60°C for 15-18 hours. Enzymes break down the rice 216 and form glucose content of approximately 20%. Amazake is highly nutritious and is consumed 217 for its purported health benefits (Yamamoto, Nakashima, Yoshikawa, Wada, & Matsugo, 2011). 218 Pozol, which is common to south-eastern Mexico, has quite a different method of production, 219 in that maize grains are heat-treated in an acid solution, ground and shaped into dough balls.
220
These are then wrapped in banana leaves and fermented for 2-7 days, after which they are 221 resuspended in water and consumed as beverages. Pozol is composed of a variety of 222 microorganisms including LAB, non-LAB, yeasts and other fungi (ben Omar & Ampe, 2000) .
223
In addition to milk and cereal-based fermentations, there are also other forms of 224 fermented beverages. One example is kombucha, which is a fermented sweetened tea that was 225 originally popular in China but is now enjoyed worldwide, and is set to be worth €363 million by 226 2015 in North America (BevNet, 2011) . It is fermented by a symbiotic mixture of bacteria 227 (typically acetic acid bacteria, with small quantities of LAB) and yeast, which are embedded 228 within a cellulosic matrix that floats above the fermentate, similar to the mother cultures of 229 vinegar. Due to the high acid content (as low as pH2), the functionality of kombucha is 230 predominantly due to its physiochemical properties (Greenwalt, Steinkraus, & Ledford, 2000) .
231
As a result of the tea content, it also contains a number of phenols and vitamins (Dufresne & 232 Farnworth, 2000) . Water kefir is similar in concept to milk kefir in that it is fermented by a 233 symbiosis of bacteria and yeast contained within grains. However, these grains are composed 234 of dextran, are translucent and crystal-like in appearance, and are thought to have originated in 235 Mexico where they formed as hard granules fermented from sap on the pads of the Opuntia 236 cactus. They ferment sweetened water, to which figs and lemon are traditionally added for 237 additional flavour and nutrients. The composition of water kefir can vary, but is known to 238 contain LAB, including Lactobacillus, and Bifidobacterium (Laureys & De Vuyst, 2014) . Hardaliye 239 is a non-alcoholic, Turkish, fermented beverage made from red grapes, black mustard seeds, 240 cherry leaf and benzoic acid. Ingredients are pressed and fermented for 5-10 days at room 241 temperature. Again, the microbial population has been reported to be predominantly 242 composed of Lactobacillus and unknown fungal components, and this beverage is thought to 243 have antioxidant properties (Amoutzopoulos et al., 2013 ).
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245

Health Benefits
246
Originally devised as a means of food preservation, over time many beverages, such as 247 kefir and koumiss, became popular due to their reputed abilities to improve gastrointestinal 248 health (Metchnikoff, Elie, 1908; Saijirahu, 2008) . However, most of the traditional fermented to help alleviate constipation (Tabbers et al., 2011) . Additionally, they have been shown to have 268 modulatory effects on the brain, and demonstrate anti-cancer potential (Kumar et al., 2012;  269 Tillisch et al., 2013 (Hugenholtz, 2013) . Furthermore, fermented 275 dairy products usually possess β-galactosidase activity and a reduced lactose content compared 276 to milk, making them potentially suitable for those suffering from lactose intolerance.
277
Fermented produce can also be a source of bioactive peptides, released through fermentation 278 by proteolytic cultures, and have been linked with many potential health benefits including 279 digestive, endocrine, cardiovascular, immune and nervous system affects.
280
The occurrence of organic acids, which lower the pH of the beverages, may also confer 281 health benefits. Indeed, the presence of glucuronic acid, one of the primary metabolites in 282 kombucha, is believed to improve detoxification by binding toxin molecules and aiding 283 excretion through the kidneys, and it is this acidic composition that is most associated with the 284 reputed health properties of kombucha, rather than a microbial-gut interaction (Wang et al., 285 2014). Kombucha also contains increased B vitamins and folic acid in addition to a number of 286 healthy components, such as phenols, naturally present in tea (Dufresne & Farnworth, 2000) . (Muyzer, de Waal, & Uitterlinden, 1993) .
320
Moving forward, the availability of molecular technologies such as culture-independent, 321 high-throughput, sequencing-based microbial analyses, metabolomics and bioinformatics will 322 prove particularly useful, and will provide a more accurate picture of these populations, 323 surmounting problems associated with relying on phenotypic-based approaches. In-depth 324 molecular studies have the potential to be particularly useful when carrying out analyses across 325 different beverages with a view to attributing specific desirable or non-desirable sensory and 326 organoleptic characteristics with specific microorganisms present (Marsh, O'Sullivan, Hill, Ross, 327 & Cotter, 2013) . Such approaches will also ultimately facilitate accurate species identification, 328 leading to novel starter design, and the development of beverages with different and complex 329 flavour profiles. It will also be possible to more effectively monitor the change of proportions of 330 different species throughout fermentation and storage (Cocolin, Alessandria, Dolci, Gorra, & 331 Rantsiou, 2013). Future studies will also shed light on the nature of the symbiosis of such 332 beverages, which is so complex that in vitro synthesis of kefir grains has yet to be replicated.
333
-12 -Currently, commercial kefir is produced by defined starters, with probiotic strains added to 334 some products to boost reputed health claims.
336
Health-promoting microbes 337 As noted above, it is widely believed that the primary reason for the functionality of these 338 beverages is due to the presence of specific live microorganisms. To the consumer, health 339 claims are more important than nutritional claims (Verbeke, Scholderer, & Lähteenmäki, 2009), 340 so there has and will be a desire to augment the health-promoting potential of these beverages considered that a minimum of 10 9 cells per daily dose are required for probiotics to be effective 349 (Forssten, Sindelar, & Ouwehand, 2011) . Within the EU, the term "probiotic" is now considered 350 a health claim, with strict criteria surrounding its use and resulting in many applications 351 submitted to the European Food Safety Authority (EFSA) being rejected (Guarner et al., 2011 (Priya, Pushpa, 2013 non-dairy products which are intrinsically more difficult to sell than their dairy counterparts.
500
The use of direct liquid inoculation systems to include probiotics while avoiding fermentation 501 side-effects has its own problems in ensuring cell viability and stability during storage.
503
Fermentation parameters
504
In addition to the importance and ratio of starter selection, as already described, the 505 fermentation of potentially health-promoting beverages needs to be carefully controlled to 506 achieve stability, sensory and safety standards. Changes in the concentration of sugars and 507 other compounds need to be carefully monitored both during and after fermentation, and is continue to grow following storage, packaging must be able to withstand the pressure 531 generated as a consequence of gas production, with either plastic or glass containers.
532
Additionally, viability during storage needs consideration, particularly for cereal-type beverages 533 that would traditionally be stored at room temperature.
534
Clearly, there a number of parameters and variations that need to be measured, There are now a variety of enhancements that can be made to both traditional and novel 543 beverages to boost health claims. Prebiotics, including fructooligosaccharides, inulin and 544 galactooligosaccharides, are often added commercially to fermented milks to promote the 545 growth of favourable bacteria (Huebner, Wehling, & Hutkins, 2007) , while investigations of 546 other prebiotics such as oligofructose and polydextrose have also yielded positive results 547 (Oliveira et al., 2009) . In addition to preventing and treating intestinal-associated diseases, the 548 incorporation of bio-active nutraceuticals such as ω-3 fatty acids, isoflavones and phytosterols 549 in fermented milks also have potential applications (Awaisheh, Haddadin, & Robinson, 2005 and magnesium, while fortification of fermented milks with iron was shown to improve the 558 growth of preschool children (Silva, Dias, Ferreira, Franceschini, & Costa, 2008) . Microorganisms 559 can also provide functional metabolites, which has encouraged the screening of ecological 560 niches, such as marine environments, in addition to the previously referred to gut-derived 561 probiotics, for novel nutraceuticals, the likes of which may eventually be incorporated into 562 functional beverages (Dewapriya & Kim, 2013 to become a collaborative effort between industry partners and academia (Khan, Grigor, 588 Winger, & Win, 2013). Nonetheless, this is an exciting time for beverage development. beverages. This is particularly true as the importance of gut health to our well-being becomes 595 increasingly apparent. As our knowledge and discovery of probiotics increases, so too will the -21 -need for alternative means of probiotic delivery. Additionally, as research into the fermentation 597 of waste and by-products products (e.g. whey) continues, there is the potential for a significant 598 environmental impact.
599
As developed society becomes more health-conscious, particularly in response to the 600 growing obesity epidemic, the market for functional food appears to be in a long-term, 601 sustainable trend (Bigliardi & Galati, 2013) outlook for fermented beverages is more promising than ever.
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Figure 1:
An overview of the interlinked processes and considerations in fermented beverage production and development. 
